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namic and biologically productive wetlands that provide critical habitat for migrating, breeding, and wintering

waterfowl (Ray et al. 2003; Haukos et al. 2006; Moon & Haukos 2006); migrating (Davis & Smith 1998) and

breeding shorebirds (Conway et al. 2005a, b); and wintering sandhill cranes (Grus canadensis; Iverson et al.

1985). The playa flora has also been the focus of numerous studies, including checklists (Rowell 1971), field

guides (Haukos & Smith 1997), and more detailed analyses of plant community structure as related to soils,

playa area, and physical location on the landscape (Smith & Haukos 2002; Haukos & Smith 2004; O’Connell

etal. 2012).

In contrast, saline lakes of the SHPare poorly studied, and have received little or no conservation atten-

tion. Despite the conservation focus upon playas, saline lakes are arguably the most imperiled wetland ecosys-

tem in the region and have been identified as a High Priority Community within the High Plains Ecoregion

(Texas Parks and Wildlife Department 2005). Approximately 1 saline lake exists for every 500 historical playas

regionally (Reeves & Temple 1986; Haukos & Smith 1994; Smith 2003), but their numerical rarity makes

them, and their associated biota, particularly susceptible to both natural and anthropogenic perturbations.

Saline lakes differ from playas ecologically, geologically, and hydrologically (Reeves & Temple 1986; Os-

terkamp &Wood1987; Hall 2001). Saline lakes are generally larger than playas, have saline water chemistry,

(>200 g/L of dissolved solids [Osterkamp &Wood1987; Dockery 1989]), are often underlain by areas of deep

Permian salt dissolution (Dockery 1989), and usually are bordered by dunes on their leeward side from defla-

tion (Osterkamp & Wood 1987). Geologically older than playas (-300,000 ybp [Wood 2002]), most regional

saline lakes have evidence of human occupation 10,000-12,000 ybp (E. Johnson, unpublished data).These

settlements were likely due to the permanence of one or more freshwater springs connected to the Ogallala

Aquifer in an environment with otherwise rare surface water. Still considered discharge wetlands, saline lakes

currently receive most surface water via direct precipitation and from overland flow, as natural artesian fresh-

water springs associated with most saline lakes have ceased (or have dramatically reduced) flowing during the

last 50 years (Brune 1981). Someevidence suggests that ground water elevation in saline lakes is at least 7-8 m
lower than 25-55,000 ybp (Wood 2002). As such, surface water presence (and residence time) operates as an

ecological driver of floral and faunal (e.g., bird and insect) community attributes in saline lakes (Conway et al.

2005 a, b; Andrei et al 2008; Conway unpublished data; Saalfeld et al. 2012).

Conservation concerns surrounding saline lakes are multifaceted, but cessation of spring flow causing a

reduction in surface water residence time and an increase in salt concentrations are arguably the most pressing.

Saline lake hydrology is impacted by interactions among variable hydroperiods, high evapotranspiration rates,

unpredictable precipitation patterns, and anthropogenic disturbances (i.e., groundwater pumping; Conway et

al. 2005a, b; Saalfeld et al. 2011, 2012). For example, when annual irrigation practices of groundwater pumping

coincide with extended drought and surface water evaporation, surface water is very ephemeral. Predictions of

increasing evaporation rates in models of future climate change will further reduce hydroperiods in saline

lakes, which are considered to be at “regionally high risk” of alteration under current climate change models

(Matthews 2008).

In saline lakes, rooted vascular plants are typically restricted to close proximity to remnant artesian

spring discharge zones, leaving most of the basin floor without vegetation. Due to their inhospitable environ-

ments, saline lakes possess a fraction of the floral diversity of playas (Rowell 1971; Haukos &Smith 1997) and

provide habitat for more specialized avian fauna than playas (Iverson et al. 1985; Conway et al. 2005 a, b; An-

drei et al. 2008; Saalfeld et al. 2011, 2012). For saline lakes, much of the basic biological inventory and natural

history data are lacking. The purpose of the research reported here is to provide an annotated checklist of

vascular plants collected from accessible saline lakes in the SHPof Texas and eastern NewMexico.

The SHPis an approximately 80,000 km^ region occurring from the panhandle of Texas (south of the Cana-

dian River), into NewMexico (east of the Pecos River), and south to Midland, Texas, at a regional elevation of

approximately 1000 m(Osterkamp & Wood 1987). Level topography is broken by shallow freshwater playa
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wetlands; draws; and large, deep, saline lakes. Although playas numerically dominate, approximately 40 saline

lakes also occur; and combined, these features comprise the regionally dominant wetland systems. Regional

annual precipitation averages approximately 45 cm/yr, with annual evaporation exceeding 200 cm/yr, as sum-

mer temperatures may reach 40°C. Within saline lakes, temperatures huctuate diurnally during summer,

ranging from 7-54“C (Saalfeld et al. 2012). The growing season in the region ranges from 193-287 days (NRCS

Weacquired access to seven individual SHPsaline lakes (Fig. 1). Three on private lands (Mound Lake,

Rich Lake, and Tahoka Lake) are considered to be the best remaining saline lakes (Saalfeld et al. 2011, 2012)

as they maintain some surface water with seasonally functional artesian springs. An additional three lakes

(Goose Lake, Paul’s Lake, and White Lake) are located on the Muleshoe National Wildlife Refuge and possess

less regular spring flow. Grulla Lake, on the Grulla National Wildlife Refuge, no longer contains flowing arte-

sian springs. Processes by which these lakes have formed have been widely debated, but recent work, via core

sampling of lake basins, indicates some basin sediments are more than 300,000 years old (Wood 2002). Most

saline lakes contain aeolian deposited lunettes on the lee side of the basin, consisting of fine lacustrine sedi-

ments, deposited when saline lakes are dry (Wood 2002). As the basin floor of saline lakes were historically

connected to the top of the Ogallala Aquifer, soils of the basin are typically hydric loamy lacustine deposits

(NRCS 2000) in form, and in some instance may be greater than 30 mdeep, reflecting some aeolian deopo-

sition on basin floors during periods of extended dry conditions (Wood 2002). Soils surrounding artesian

springs, in which we focused our floristic surveys, tend to be sandier and overlay the hydric loamy lacustrine

soil mentioned above.

Collecting trips were made to these saline lakes (Table 1) in 2009 from May 25th-28th and again from

September 18th-19th. For reasons mentioned, collecting was focused near artesian spring discharge zones

within the lake basins that we were confident experienced current or historical seasonal flooding. A complete

set of voucher specimens is housed at the University of Texas at Austin Plant Resources Center Herbarium

(TEX).

RESULTSANDDISCUSSION

Thisresearchresultedinacollectionof49speciesofvascularplantsrepresentingl6familiesand40genera (Table

2).ThefourfamilieswiththemostspecieswereAsteraceae(12),Amaranthaceae(8),Cyperaceae(5),andPoaceae

(12). Non-native species (Bromus catharticus, Poa compressa, Polypogon monspeliensis, Sonchus oleraceus, Kochia

scoparia, and Tamarix ramosissima) accounted for 10%of the total species. Overall species richness within each

lake excluding Tahoka Lake, was poor, only ranging from 3-14 species (Table 1). Tahoka Lake contained 43 of

the 49 species identified during the surveys, and 21 species that were not collected from any other saline lake

(Table 2). Mound, Goose, and Grulla Lakes contained one unique species each, while Rich Lake contained three

(Table 2). The only species commonto all saline lakes was the exotic invasive Tamarix ramosissima (Table 2).

Reasons for disparities in species richness among saline lakes may be related to historical anthropogenic

alterations and surrounding land use practices. Each saline lake is bordered by some combination of upland

grasslands, row crop agriculture, or former cropland planted to exotic perennial grasses under the US Depart-

ment of Agriculture, Conservation Reserve Program. Row crop agriculture impacts local hydrology via

groundwater pumping for irrigation. To date, no studies have been performed to estmate water use of these

areas surrounding each basin Nonetheless, Tahoka Lake remains the least impacted saline lake because no

anthropogenic alterations nor any petrochemical exploration has occnrred on the lake basin bottom (unlike

MonnriandRichlakes). Tahoka Lake still contains threefnnctionalanesian springs, located at the north-west,

.uthwestern boundaries of the lake basin. Although spring flow is more intermittent now than in ttie past

ay et al 2005 a b' Saalfeld et al. 2011, 2012), it maintains the plant richness reported herein. On its

astern border. Mound Lake contains several small seeps and one dominant spring surrounded by a

hoenus maritimus subsp. paludosus dominated marsh (Fig. 2). A long history of petrochemical develop-

n the north and south sides of the lake have probably impacted other springs. Rich Lake contains on y
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one primary spring on the northwestern margin of the basin, now dominated by Tamarix ramosissima, and

extensive alteration (i.e., dikes and levees) on its southern side. Grulla Lake no longer has any functional

springs, and had the poorest richness found in this study. Two Muleshoe NWRLakes (Goose and White) also

have very intermittent springs, where discharge occurs only during the early growing season. Conversely,

Paul’s Lake has remained flooded for an extended period of time, as removal of T. ramosissima in this basin has

apparently allowed spring flow to recover. However, all three Muleshoe saline lakes contain an elevated levee

partitioning each lake. Constructed as Work Projects Administration (WPA) projects to improve water reten-

tion in a portion of each basin, these levees have dramatically altered water flow in each lake, effectively creat-

ing two different systems within each basin; one with some spring flow, the other without. As no rooted plants

reflects the importance of maintaining springs and minimizing impacts to individual lake basin hydrology.

Saline lakes contain slightly more than 10%of the species richness of playas (approximately 350 species

[Rowell 1971; Haukos & Smith 1997; Haukos & Smith 2004]). Nineteen species collected from saline lakes

have not been reported from playas (Table 2). Dominant species of the saline lakes we surveyed are similar to

those described for temperate desert wetlands of the Intermountain Region of Western North America and

occur in well defined zones in response to topographic gradients (West &Young 2000). Weobserved Distichhs

spicata to form a “meadow” in seasonally saturated to very shallowly flooded soils. Whereas an emergent

marsh of Bolboschoenus maritimus subsp. paludosus or submerged “beds" of Ruppia maritima occur where sur-

face water is deeper and persists longer (Fig. 2). These species (and a few interstitial species in our checklist) are

also known to be important members of saltmarsh communities of the temperate and tropical Gulf Coastal

Plain. Two other species we recorded, Suaeda nigra and Sporobolus airoides, are listed as important members of

lowland salt-desert shrub communities of all four North American deserts (West &Young 2000). More work

is needed to better understand the floristic relatedness of saline lakes of the SHPto other halophytic plant com-

munities of North America.

This survey represents the first attempt to characterize saline lake flora of the SHPof northwest Texas and

eastern NewMexico. Since the survey in 2009, the region has been experiencing an extended drought, which

has at least temporarily altered the norainsonreof these lakes,TahokaLakemparticular.Reductionsinspnng

now even in these saline lakes that maintain some artesian How, combined with little or no precipiution, may

permanently alter thU distinctive regional Hora. These wetlands are unique systems and provide virtually the

only nesting habitat for snowy plovers (Churadrius nivosus) in the region (Conway el al. 2005 a, b; Saalfeld et al.

2011, 2012). This survey provides further evidence of the importance of freshwater spring conservation in SHP

saline lakes.

ACKNOWLEDGMENTS

Financial and logistical support was provided in part by die Arthur Temple College of Forestry and Agricul-

ture Stephen F Austin Slate University, the U.S. Fish and Wildlife Service, Division of Migratory Birds, Region

2 The Rumsey Research and Development Fund, and Texas Parks and Wildlife Department. Wethank the

staff at the Muleshoe National Wildlife Refuge for logistical support, and private land^ners for ^ce^ to their

properties. Weare grateful loD.Sullinsfor assistance with preparationofFigurel.andKennethD.Hedandan

anonymous reviewer for their helpful comments.

Ano„,,A.E.,LM.Sm™,D.A.H.u«os,»dJ.G.Su«s. 2008. Habitat use by migrant shoteblrdslnsallnelakesofthesoumern

Great Plains. J. Wildlife Managem. 72:246-253.

Bolen, E.G., L.M. Smeth, a.nd H.L. Schramm, Jr. 1989. PI

39:615-623.

Brune, G.M. 1981. Springs of Texas: Volum

Conway, W.C., L.M. Smith, and J.D. Ray. 2005a. E

of Texas. Waterbirds 28:1 29-1 37.

., Fort Worth, Texas.

j in wetlands of the Playa Lakes Regio



602 Journal of the Botanical Research Institute of Texas 7(1)

Conway, W.C., LM. Smith, and J.D. Ray. 2005b. Habitat use and nest site selection of shorebirds in the Playa Lakes Region.

J. Wildlife Managem. 69:1 74-1 84.

CORRELL, D.S. and M.C Johnston. 1 970. Manual of the vascular plants of Texas. Texas Research Foundation, Renner.

Davis, C.A, and LM. Smith. 1998. Ecology and management of migrant shorebirds in the Playa Lakes Region of Texas.

Wildlife Monogr. 140:1-45.

Dockery, R.M. 1989. Origin of Shafter, Whalen and Lazy X Ranch lake basins, Andrews County, Texas. MSThesis. Texas

Tech University, Lubbock.

Hall, S.A. 2001 . Geochronology and paleoenvironments of the glacial-age Tahoka formation, Texas and New Mexico

High Plains. NewMexico Geology 2001:71-77.

Haukos, D.A. ANDLM. Smith. 1994. The importance of playa wetlands to biodiversity of the Southern High Plains. Land-

scape Urban Planning 28:83-98.

Haukos, D.A. and LM. Smith. 1997. Commonflora of the playa lakes. Texas Tech University Press, Lubbock.

Haukos, D.A. and LM. Smith. 2004. Plant communities of playa wetlands in the Southern Great Plains. Spec. Publ. Mus.

Haukos, D.A., M.R. Miller, D. Orthmeyer, J.Y. Takekawa, J.P. Fleskes, M.L. Cassazza, W.M. Perry, and J.A. Moon. 2006. Spring migra-

tion of Northern pintails from Texas and NewMexico, USA. Waterbirds 29:1 27-1 36.

Iverson, G.C., P.A. Vohs, and T.C. Tacha. 1985. Habitat use by sandhill cranes wintering in western Texas. J. Wildlife Mana-

gem. 49:1 074-1 083.

Johnson, LA., D.A. Haukos, L.M. Smith, and S.T. McMurry. 2012. Loss and modification of Southern Great Plains playas. J.

Environm. Managem. 1 12:275-283.

Luo, H., L.M. Smith, B.L. Allen, and D.A. Haukos. 1997. Effects of sedimentation on playa wetland volume. Ecol. Applic.

Matthews, JJ. 2008. Anthropogenic climate change in the Playa Lakes Joint Venture region: understanding impacts,

discerning trends, and developing responses. Report to the Playa Lakes Joint Venture.

Moon, J.A. and D.A. Haukos. 2006. Survival of female Northern pintails wintering in the Playa Lakes Region of northwest-

Natural Resources Conservation Service. 2000. Soil survey, Lynn County, Texas. httpV/soildatamart.nrcs.usda.gov/manu-

scripts/TX305/0/Lynn%20County.pdf

O'Connell, J., L. Johnson, L. Smith, S. McMurry, and D. Haukos. 2012. Influence of land-use and conservation programs on

wetland plant communities of the semi-arid United States Great Plains. Biol. Conservation 146:108-1 15.

Osterkamp, W.R. and W.W. Wood. 1987. Playa-lake basins on the Southern High Plains of Texas and New Mexico: Part I.

Hydrologic, geomorphic, and geologic evidence for their development. Bull. Geol. Soc. Amer. 99:21 5-223.

Ray, J.D., B.D. Sullivan, and H.W. Miller. 2003. Breeding ducks and their habitats in the High Plains of Texas. Southw. Natu-

ralist 48:241 -248.

Reeves, C.C., Jr. and J.M. Temple. 1 986. Permian salt dissolution, alkaline lake basins, and nuclear-waste storage. Southern

High Plains, Texas and NewMexico. Geology 14:939-942.

Rowell, C.M., Jr. 1971 .Vascular plants of the playa lakes of the Texas Panhandle and South Plains. Southw. Naturalist 15:

407-417.

Saalfeld, S.T., W.C. Conway, D.A. Haukos, and W.P. Johnson. 201 1 . Nest success of snowy plovers {Charadrius nivosus) in the

Southern High Plains of Texas. Waterbirds 34:389-399.

Saalfeld, S.T., W.C. Conway, D.A. Haukos, and W.P. Johnson. 2012. Snowy plover nest site selection, spatial patterning, and

temperatures in the Southern High Plains of Texas. J. Wildlife Managem. 76:1 703-1 711.

Smith, LM. and D.A. Haukos. 2002. Floral diversity in relation to playa wetland area and watershed disturbance. Conserva-

tion Biol. 16:964-974.

Smith, LM. 2003. Playas of the Great Plains. University of Texas Press, Austin.

Texas Parks and Wildlife Department (TPWD). 2005. Texas Comprehensive Wildlife Conservation Strategy 2005-201 0. Texas

Parks and Wildlife Department, Austin.

West, N.E. and J.A. Young. 2000. Intermountain valleys and lower mountain slopes. In: M.G. Barbour and W.D. Billings, eds.

North American Terrestrial Vegetation, 2nd ed. Cambridge University Press, NY. Pp. 255-284.

Wood, W.W. 2002. Role of ground water in geomorphology, geology, and paleoclimate of the Southern High Plains,

USA. Ground Water 40:438-447.


